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Abstract: A serious collar and rhizome rot disease of banana was observed in the north region of Maharashtra state
in post rainy season. The disease was caused by the bacterial strains of Erwinia chrysanthemi pv. paradisiaca
identified and characterized by morphological, physiological, biochemical and pathogenicity tests.  The infection
occurred on new banana plantation of one month old in poorly drained soil. In post rainy season, banana plantations
of 8 to 10 weeks were found severely infected. E. chrysanthemi pv. paradisiaca produced soft rot symptom on
healthy banana rhizomes within three weeks. Two strains were isolated from the collar and rhizome rotted diseased
samples which were similar in morphological, physiological and biochemical characteristics, however they differed
in the virulence aggressiveness to cause the disease in banana. Strain II caused soft rot symptoms within 19 days,
however strain I produced it within 23 days of inoculation with suspension of 3×108 CFU ml-1. The result of this study
revealed that strain II was more aggressive as compared to strain I of E. chrysanthemi pv. paradisiaca.
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INTRODUCTION
Banana is a commonly eaten fruit of the herbaceous plant
which belongs to the genus Musa. The crop is native to
the tropical region of South-East Asia and Australia and
now cultivated throughout the tropics (Stover and
Simmonds, 1987). Banana (Musa spp.) is the fourth most
important food commodity after rice, wheat and corn. It
is produced in the tropical and subtropical regions of
developing economies and India is the largest producer
of banana in the world (FAO, 2009). The banana crop is
affected by many diseases around the world. Among the
bacterial diseases, bacterial wilt or moko disease
(Pseudomonas solanacerum E.F. Smith) and tip over or
soft rot disease [Erwinia carotovora (Jones Holland)
Edward] causes significant losses to banana production
(Chattopadhay, 1987; Stover, 2000; Jones, 2000; Gomez-
Caicedo et al., 2001). But, nowadays the frequency of
soft rot by Erwinia spp. has caused serious concern in
banana cultivation in many tropical and subtropical
countries (Manoranjitham et al., 2010; Singh et al., 2010;
Thammaiah et al., 2010; Patel et al., 2011; Waman et al.,
2012). A serious disease with new etiology i.e. the
bacterial collar rot was observed in most of the field
during post monsoon season in Jalgaon district of North
region in Maharashtra state, where at least 5 % plants
were found infected in the field, which assumed
significance and worries in the farmers. As the disease
etiology was new, a detailed study of the disease and
characterization of bacteria E .chrysanthemi pv.
paradisiaca strains was undertaken.
MATERIALS AND METHODS
Source of bacterial isolates: The samples of banana
showing typical symptoms of bacterial collar and rhizome
rots were collected from different locations of banana
growing areas of Jalgaon district of Maharashtra.
Isolation and maintenance of isolates: The rhizome and
collar rot affected samples of banana were collected for
isolation from different locations of banana growing areas
of Jalgaon district of Maharashtra. The affected part of
the rhizome and pseudostem of banana was washed in
the tap water, dried in blotter paper and then were cut
into small pieces with a sterile scalpel and these were
disinfected with mercuric chloride solution (0.1%) for one
minute and subsequently three washings were given in
sterilized distilled water. The samples were dried by
sterilized blotting paper. The small bit of sample were
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crushed in 5 ml distilled sterilized water in the sterilized
mortar and pestle and kept for 15 minutes to come out
bacterial ooze. The isolation of rot causing bacteria was
made by standard agar plate technique (APT) on nutrient
agar (NA). The plates were then incubated at 27 + 10C
temperature. The growth of individual colonies of bacteria
noticed after 24 hrs of incubation was subsequently
streaked on (NA) and sucrose peptone agar (SPA) plates
for obtaining pure cultures. The pure cultures of the
bacterial isolates thus obtained were maintained on NA
slants in refrigerator at 40C for further studies.
Pathogenicity test: The tissue culture banana saplings
of cv. Grandnain were planted in earthen pots containing
sterilized potting mixture of field soil, sand and compost
in the ratio of 3:1:1 in glasshouse condition. The mixture
was sterilized in the autoclave at 1.54 kg cm-2 for one hr
for two consecutive days and filled in earthen pots. One
sapling was planted in each pot. The pots in glasshouse
were watered as and when required. At most care was
taken to keep the plants healthy and succulent. The plants
were fertilized with urea @ 5 g/plot at weekly interval
since the settlement of seedlings up to inoculation. One
month old healthy banana saplings were used for proving
the pathogenicity of the test bacteria E. chrysanthemi
pv. paradisiaca. The pathogenicity of isolated bacteria
was proved by hypodermic syringe method and method
of Stover (1959). A bacterial suspension of 3×108 CFU ml-
1 was injected into the healthy rhizome by hypodermic
syringe. Similarly sterilized pot soil was made sick with
bacterial suspension by saturating the soil with bacterial
inoculums. The observation on development of disease
symptoms were noted every day. In another method of
pathogenicity, banana rhizomes were washed and surface
disinfected for 1 minute in 0.1 % HgCl2 solution. A plug
of tissue was removed from the sterile rhizome to a depth
of 3 cm with a sterile cork borer.  A piece of nutrient agar
culture of 3-4 mm square having 48 hr bacterial growth
was placed at the base of the wound and the plug was
reinserted.  The wound was then coated with paraffin
and the rhizomes were planted in sterilized soil.  In the
check treatments, a piece of nutrient agar alone was
inserted in the wound.  The rhizomes were removed 21
days after planting, cut open and examined.
Potato soft rot test: Both the distinct bacterial strains
purified from the isolated colonies were tested for their
ability to cause soft rot on potato (Lelliot et al., 1966).
Potato tubers were sterilized with 70% ethyl alcohol,
rinsed with sterile distilled water, and aseptically cut into
1 cm slices. The potato slices were put in petri dishes
containing sterilized filter paper impregnated with 2 ml of
sterile distilled water. Three replications were kept for
each strain of rhizome and collar rot bacteria. The potato
slices were inoculated with sterile needle pricking method.
The inoculated slices were maintained in moistened petri
dishes according to Togashi (1988) and Nabhan et al.
(2006) and incubated at 30°C for 2 to 3 days. The bacterial
strains that produced characteristic symptoms of soft
rot on potato slices were selected and preserved in test
tubes on NA media at 4°C in a refrigerator for further
studies.
Reisolation of rhizome and collar rot bacteria:
Reisolations for bacterial strains from inoculated diseased
banana rhizomes and pseudostem were performed as
described (Stover, 1959; Nagaraj et al., 2012).
Characterization of rhizome and collar rot bacteria: The
standard methods in Bergey’s manual of determinative
bacteriology and differentiation test of plant pathogenic
bacteria were perform to characterize the bacterial strains
according to standard morphological, physiological,
biochemical tests and pathovar group (Bradbury,1986).
RESULTS
Incidence of collar rots disease in banana growing tract
of north Maharashtra: The collar and rhizome rot disease
was reported for first time in farmer’s field during 2006-
2007 and attracted the attention of banana growers and
scientist. The field visit and survey was carried out during
2008-2011 indicated that the incidence of the disease was
more in Raver taluka as compared to Yawal and Chopda
taluka. The average percentage of the incidence of collar
rot disease was 5 to 7 per cent in the field.
Field symptoms of the disease: The infection occurred
on new banana plantation of one month age in poorly
drained soils. In post rainy season, banana plantation of
8-12 weeks was found severely infected. The symptoms
includes initial yellowing of the young leaves which
became lusterless and wither slowly followed by the
characteristic blackening and rotting of central leaves
and peripheral leaves appeared as withered. The rotting
progressed upward in the pseudostem destroying leaf
bases and decay of the plant. The infected plant can be
easily pulled out from rotted collar region of plant with
offensive and disagreeable odour (Fig.1).
Isolation of causal bacteria, pathogenicity and
reisolation of the pathogen isolation: Nutrient sucrose
agar (NSA) plates were streaked with macerated diseased
tissue of diseased rotted suckers and pseudostems,
yielded two distinct types of bacterial colonies. One type
of bacterial colonies were white, creamy, butyrous and
produced the blue pigment after 72 hrs while other type
of bacterial colonies were white, creamy, raised dome
shape and produced the blue pigment within 48 hrs. The
bacterium produced the blue pigmentation after 2 days,
a characteristic of E. chrysanthemi and was maintained
as pure culture on NSA slants. These different two
cultures or isolates were termed as E. chrysanthemi strain
I and strain II, respectively.
Inoculation of bacterial strains and its pathogenicity:
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The bacterial inoculation was carried out by hypodermic
syringe infiltration method, sick soil culture method and
method of Stover (1959).The collar region of the
pseudostem showed blackening and collapsed at 19 days
by E. chrysanthemi strain II while strain I took 23 days
for rhizome rotting, respectively. 8-12 weeks old banana
plants showed typical pseudostem and rhizome rots by
both the strains. The inoculated rhizomes after 21 days
exhibited symptoms typical of rhizome rot around the
area of inoculation. The rot spread over the inoculated
S. 
N. 
Characteristics features E. chrysanthemi pv. paradisiaca 
Strain I Strain II 
1 Colony character White, creamy, butyrous White, creamy, dome shaped 
2 Gram reaction - - 
3 Glucose fermentation/OF + + 
4 Pits formation on CVP medium + + 
5 Pectate degradation + + 
6 Gas production from D-glucose + + 
7 Flagella Peritrichous Peritrichous 
8 Indigoidine/pigment production on YDC Blue pigment at 72 hrs Blue pigment at 48 hrs 
9 Indole production (from tryptophan) + + 
10 Tryptophan deaminase - - 
11 Lysine reduction - - 
12 Ornithine decarboxylases - - 
13 Reducing compounds from sucrose  v v 
14 Growth at 36-370C + + 
15 Growth at 400C - - 
16 Arginine dehydrolase  - - 
17 Growth in presence of 5 % NaCl - - 
18 KCN tolerance  - - 
19 Production of levan  + + 
20 Lecithinase activity v v 
22 Caesin hydrolysis + + 
23 Urease production v v 
24 Production of H2S from cysteine + + 
25 Production of phosphatase  + + 
26 Erythromycin sensitivity (50 µg) + + 
27 Phenylanaline deaminease + + 
28 Caesin hydrolysis  + + 
29 Oxidase - - 
30 Methyl  Red test - - 
31 Catalase + + 
32 Acetoin production + + 
33 Gelatin liquefaction - - 
34 Growth on palatinose - - 
35 Tween 80 hydrolysis + + 
36 Sensitive to 2 units penicillin G + + 
37 Urease production - - 
38 Nitrate reductase + + 
39 Hydrolysis of cotton seed oil - - 
40 Tobacco (HR) test  + + 
41 Pathogenicity to chrysanthemum + + 
Table 1. Morphological, physiological and biochemical characterization of rhizome and collar rot bacterial strains.
*+= Positive, - =Negative, v= variable or weakly positive
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rhizome from the point of inoculation. Isolations from
these rotted zone yielded pure cultures of the bacterium
inoculated (Fig.2).
Reisolation: Reisolation from inoculated diseased
banana rhizomes and pseudostem yielded the bacterial
cultures which were identical to the original strains.
Identification and characterization of rhizome and collar
rot bacterial strains: Based on differentiation test of
plant pathogenic bacteria like gram reaction, utilization
of glucose as oxidative, fermentative or inactive, flagellum
characteristic, production of fluorescence pigment,
reduction of nitrates, oxidase reaction and hypersensitive
reaction on tobacco plant, the plant pathogenic bacteria
were classified into genus and group. The test bacteria
of collar rot disease, based on these tests were identified
as Erwinia genus. The characterization of bacteria
causing collar rot has been illustrated in the Tables 1- 3.
DISCUSSION
Bacterial soft rot caused by E. carotovora and E.
chrysanthemi, are among the most devastating diseases
of vegetable and horticultural crops. Several other workers
reported the symptoms of the disease as rhizome rot of
banana (Tomlinson et al., 1987; Robinson and Mannicom,
1991; Akiew, 1998, Stover, 2000; Thwaites et al., 2000;
soft rot of pseudostem (Chattopadhyay and Mukharjee,
1986; Pereira and Nunes, 1988; Guzman and Sandoval,
1996); watery rot of pseudostem (Rivera and Garcia, 1981);
soft rot of banana (Chattopadhayay, 1987), root rot of
banana and plantain (Figueroa, 1987) and vascular rot
and wilt (Gomez-Caicedo et al, 2001). All these individual
symptoms reported by various workers were observed
as a rhizome; collar and pseudostem rot symptoms on
banana in Jalgaon district. Several workers reported E.
carotovora / E. chrysantheni pv. paradisiaca as the
cause of this disease (Stover, 1959, Shillingford, 1974;
Bhakthavathsalu et al., 1976; Rivera-Docando, 1978;
Chattopadhayay and Mukharjee, 1986).
The bacterium associated with collar rot symptoms was
identified as strain of .E. chrysanthemi pv. paradisiaca
on the basis of morphological, physiological and
biochemical characters of the bacterium and the
pathogenic nature of the bacterium to cause collar rot
symptoms. At least two distinct types of bacterial strains
of this bacterium were isolated from the disease
symptoms. The results regarding morphological features
like butyrous colony character, gram negative rods, non
spore former and peritrichous flagella correlated with
Chattopadhayay and Mukherjee, 1986; Tomlinson and
Cox,1987; Janse and Ruissen,1988; Mandal and Maiti,
2005). The blue pigmentation of bacteria matches with
report of  Hoitink and Daft (1972), Schaad and Brenner
(1977). Similarly, the growth at 36-370C were reported by
Goto( 1979) Dicky and Victoria( 1980), Bradbury (1986),
Tomlinson and Cox ( 1987) and Chellemi et al.(1998). No
growth at 5% of the isolates exactly matches with results
of Dicky and Victoria (1980), Tomlinson and Cox (1987),
Janse and Ruissen (1988).
The positive levan formation reported by Hoitink and
Daft (1972) and Mandal and Maiti (2005) matches with
present result. Variable results were reported by Goto
(1979) for rice strains of E. chrysanthemi for KCN
S. 
N. 
Carbon sources Strain I Strain II 
7- 12 days 7 days 
1 β-lactose, trehalose - - 
2 α-methyl glucoside - - 
3 D(-) Arabinose + + 
4 D(-) Mannitol + + 
5 Inulin - - 
6 D(+) Melibiose + + 
7 D(+) Fructose + + 
8 Maltose + + 
9 Cellobiose + + 
10 D-Raffinose + + 
11 Salicin + + 
12 Dulcitol - - 
13 Galactose + + 
14 Melizitose - - 
15 Inositol + + 
16 Palatinose - - 
17 Xylose + + 
18 Esculin + + 
19 Mannose + + 
20 Ribose + + 
21 Starch v v 
22 Adonitol v v 
23 Dextrin + + 
24 Rhamnose  + + 
25 Sorbitol  _ _ 
*+= Positive, - =Negative, v= variable or weakly positive
Table 3.  Acid production from carbon sources.
S. 
N. 
Utilization of organic compounds 
Organic compounds Strain I Strain II 
1 Galacturonate + + 
2 Glycerate + + 
3 D(+) malate + + 
4 D(-) tartrate + + 
5 Malonate (ARJ medium) + + 
6 5-ketogluconate + + 
7 Citrate + + 
8 Cis-aconitate - - 
*+= Positive, - =Negative, v= variable or weakly positive
Table 2. Utilization of organic compounds.
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tolerance. However, in present study both strains showed
negative result for KCN tolerance. Positive H2S
production was reported by Dickey and Victoria (1980)
and Mandal and Maiti (2005) exactly matches with
present result. Production of phosphatase and
erythromycin sensitivity recorded by Dicky and Victoria
(1980) and Tomlinson and Cox (1987) is exactly similar
with the present result. Similarly, positive pectate
degradation reported by McFadden (1969),  Hoitink and
Daft (1972),  Dicky and Victoria (1980) strongly correlate
with present result. Oxidase and urease tests in this study
reported as negative are similar with Hoitink and Daft
(1972) and Dicky (1979) .
The cotton seed oil hydrolysis test was reported as
negative, exactly matches with result of Hildebrand and
Schroth (1967). Potato soft rot test reported positive,
exactly correlates with the result of Schaad and Brenner
(1977),  Togashi (1988),  Nabhan et al.(2006) and Rahman
et al.,(2012). In present study, acid and gas was produced
from D (+) glucose, however, acid was produced only
from D (-) arabinose, xylose, esculin, mannose, ribose,
starch, adonitol and dextrin. Similar results were reported
by Hoitink and Daf (1972),  Schaad and Brenner (1977),
Dickey (1979),  Dickey and Victoria (1980) and Mandal
and Maiti (2005). Both the soft rot bacteria strains utilized
galacturonate, glycerate, D (+) malate, tartrate and
malonate as organic compound. These results were
congruence with the results of Thomson et al., (1977)
Dickey and Victoria (1980), Bradbury (1986), Tomlinson
and Cox (1987) and Janse and Ruissen (1988).
 The carbon utilization test slightly differs from earlier
reports indicating the new pathotype or biovar of E.
chrysanthemi pv. paradisiaca. On the basis of
pathogenicity study and characterization, it was found
that strain II was more virulent and aggressive as
compared to strain I. The collar rot disease symptoms in
banana were produced in 19 days by strain II while strain
Fig.1. Field symptom of rhizome, collar and pseudostem rot of
banana in post rainy season of banana plantation.
Fig.2. Rhizome rot of banana caused by strain II of
E.chrysanthemi pv. paradisiaca (Stover, 1959).
I took 23 days for collar rot symptoms. The traditional
method of characterization of pectinolytic erwinias are
still very useful for the research on pathovar and host
range studies.
Conclusion
The two pathogenic strains of E. chrysanthemi pv.
paradisiaca were isolated from banana rhizomes and
pseudostems which were identified as morphological,
biochemical, symptomatological and pathogenicity tests.
However, they were differed on blue pigmentation and
aggressiveness to cause soft rot and disease symptoms.
Strain II was more aggressive than strain I. Thus, there
may be possibility of new biovar (s) in these isolated
soft rotting erwinias. Thus further, extensive and critical
biochemical, germplasm differential tests and molecular
methods are needed to confirm the identity of these
strains from north Maharashtra regions.
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